REFEREE REPORTS Referee #1
This paper reports an important new finding regarding the role of auxin transport in facilitating the development of lateral root primordia in Arabidopsis. The authors show that PIN3 acts specifically in the endodermal layer adjacent to lateral root founder cells to promote their subsequent development into initiating lateral roots.
Overall I don't have any serious criticisms, only minor comments on some of the language and figures.
1. I do not find the data indicating that PIN3 expression is detectable after 120 mins very clear from Fig. 1B . The white arrows at the top and bottom do not seem to be pointing to anything at 120 mins. If the data in the figure is the best example the authors could find I think it suggests more uncertainty with regard to the timing than the authors indicate. Otherwise perhaps the images can be enhance somewhat to bring out the contrast. Also, looking closer at Fig. 1B , I wonder why there seems to be a discontinuity between the top third of these images and the bottom two thirds as if the images are a mosaic that hasn't been matched quite correctly.
2. Some of the language needs some attention. I list some examples below:
"any auxin accumulation occurs the defined pericycle cells" "PIN3 is part of an auxin re-flux that is transiently" "is initiated when a pericycle cell accumulates auxin, thereby acquires(?) the..."
"and that this function is ultimate(?) for the progress from the founder cell into " 3. It is stated "Altogether, these data demonstrate that PIN3 activity is required for the transition from the FC stage to LRI.". Since LRI still exist in pin3 mutants I think this conclusion should be adjusted to better reflect the overall findings.
Referee #2
This manuscript describes a role for the auxin efflux carrier PIN3 in the endodermis during lateral root development. This is important because the endodermis tissue surrounds the founder cells for the lateral root cap on one side. This confirms a role in auxin transport in the endodermis as suggested by previous work from the Bennett lab, whose senior author co-authors this manuscript. Main points:
• PIN3 is expressed in the endodermis, where PIN proteins accumulates on the inner cell surface adjacent to lateral root founder cells • The transition from founder cell to lateral root primordial is defective in piin3 mutants.
• Expression of PIN3 in the endodermis using endodermis-expressed promoters leads complements the pin 3 mutant phenotype. Together these data suggest that auxin moves from the endodermis to the founder cells. Given the movement of auxin through the root, these data suggest that a "reflux" loop of auxin transport exists at the site of lateral root formation. This is an important observation and demonstrates a role for the PIN efflux proteins in the endodermis during lateral root development. This adds an important component to our understanding of lateral root development. This paper should be edited by a native English speaker because the language is poor and there are a large number of typos. This would enhance the impact of the paper and increase its impact.
Referee #3
In this manuscript Marhavy et al have looked in great detail to the phenotype of the pin3 mutant. Although this mutant has been around for some time now, they described a novel lateral root phenotype associated with the function of this auxin efflux carrier. They show that the pin3 mutant has increased lateral root founder cells that have a delay in transition to the lateral root initiation phase. Strikingly, the plants seem to cope well with this defect, as overall number of lateral roots remains the same and no other lateral root defects are observed. Next the authors used tissuespecific complementation to reveal that presence of PIN3 in the endodermis is sufficient to rescue the observed phenotype in the transition form founder cells to the initiation phase. It is nice that they have used 2 different endodermal promoters of which one is only active in differentiating endodermal cells excluding any effects coming from the root apical meristem. Next, they show that PIN3 seems to get polarized towards the stele in the endodermal cell overlying the lateral root primordium. They can also induce the polarization of PIN3 in the endodermis by applying auxin. Based on these results they conclude that auxin re-flux between the endodermis and pericycle depending on PIN3 controls lateral root initiation.
Overall the authors describe some interesting observations. But in its present form, I find that this manuscript has too little body for publication in the EMBO Journal
Comments:
The manuscript is well written and most of the data is presented in a clear way. However, my major comment is that the whole mechanism is based on a weak phenotype early in lateral root formation and the plant can perfectly cope with this. If the re-flux would control lateral root initiation I would have expected a stronger phenotype. The authors clearly exclude possible redundancy with PIN7, but they do not check if other members are involved. If it is really only PIN3 that acts in the endodermis, then the described auxin-reflux from the endodermis makes only a minor contribution towards lateral root initiation and the authors should not use such a strong title.
The characterization of the phenotype is rather short. The authors only check DR5revGFP for founder cell specification. But what happens to GATA23 expression? Is this altered? Are there more patches, as described in the original paper from the Beeckman lab (co-author on this publication)? I think that analysis with additional markers should be included.
In the tissue specific complementation experiments both with the SCR and CASP1 promoter there is a strong increase in stage I primordial, but the authors do not comment on this. What is lacking in all these experiments is the effect of the ectopic expression of PIN3YFP in WT background, I think this could provide valuable information. Also, in figure 3, the phenotype is no longer present in pin3 plants not expressing SCR::PIN3YFP, this worries me.
The authors make a point about the PIN3 polarization in the endodermis as this fits with their proposed model. However, the signals of PIN3-YFP with the SCR promoter are very weak in mature endodermal cells. Shouldn't the CASP promoter drive stronger expression in mature endodermal cells? The authors should try to provide better images using this promoter.
Some confocal imaging experiments show plasma membrane GFP with nuclear YFP confounded in one channel, using a heat map. This pictures are not very clear and hard to interpret. I found them rather confusing. It would have been nice to use other spectral variants that can be clearly separated. This would also have allowed the founder cell quantification in plants with the SHR driven constructs.
1st Revision -authors' response 04 September 2012
Referee #1:
Overall I don't have any serious criticisms, only minor comments on some of the language and figures. 1. I do not find the data indicating that PIN3 expression is detectable after 120 mins very clear from Fig. 1B . The white arrows at the top and bottom do not seem to be pointing to anything at 120 mins. If the data in the figure is the best example the authors could find I think it suggests more uncertainty with regard to the timing than the authors indicate. Otherwise perhaps the images can be enhance somewhat to bring out the contrast. This manuscript describes a role for the auxin efflux carrier PIN3 in the endodermis during lateral root development. This is important because the endodermis tissue surrounds the founder cells for the lateral root cap on one side. This confirms a role in auxin transport in the endodermis as suggested by previous work from the Bennett lab, whose senior author co-authors this manuscript. Main points:
Response
• Expression of PIN3 in the endodermis using endodermis-expressed promoters leads complements the pin 3 mutant phenotype.
Together these data suggest that auxin moves from the endodermis to the founder cells. Given the movement of auxin through the root, these data suggest that a "reflux" loop of auxin transport exists at the site of lateral root formation. This is an important observation and demonstrates a role for the PIN efflux proteins in the endodermis during lateral root development. This adds an important component to our understanding of lateral root development. General comment: This paper should be edited by a native English speaker because the language is poor and there are a large number of typos. This would enhance the impact of the paper and increase its impact.
Response: We apologize for the language inaccuracies. The revised manuscript was edited by a native English speaker and language was corrected without changing the content or meaning of the manuscript text.
Referee #3:
In this manuscript Marhavy et al have looked in great detail to the phenotype of the pin3 mutant. Although this mutant has been around for some time now, they described a novel lateral root phenotype associated with the function of this auxin efflux carrier. They show that the pin3 mutant has increased lateral root founder cells that have a delay in transition to the lateral root initiation phase. Strikingly, the plants seem to cope well with this defect, as overall number of lateral roots remains the same and no other lateral root defects are observed. Next the authors used tissuespecific complementation to reveal that presence of PIN3 in the endodermis is sufficient to rescue the observed phenotype in the transition form founder cells to the initiation phase. It is nice that they have used 2 different endodermal promoters of which one is only active in differentiating endodermal cells excluding any effects coming from the root apical meristem. Next, they show that PIN3 seems to get polarized towards the stele in the endodermal cell overlying the lateral root primordium. They can also induce the polarization of PIN3 in the endodermis by applying auxin. Based on these results they conclude that auxin re-flux between the endodermis and pericycle depending on PIN3 controls lateral root initiation. Overall the authors describe some interesting observations. But in its present form, I find that this manuscript has too little body for publication in the EMBO Journal.
1. The manuscript is well written and most of the data is presented in a clear way. However, my major comment is that the whole mechanism is based on a weak phenotype early in lateral root formation and the plant can perfectly cope with this. If the re-flux would control lateral root initiation I would have expected a stronger phenotype. The authors clearly exclude possible redundancy with PIN7, but they do not check if other members are involved. If it is really only PIN3 that acts in the endodermis, then the described auxin-reflux from the endodermis makes only a minor contribution towards lateral root initiation and the authors should not use such a strong title. Figure S3G) . Thus, PIN3 seems to be the major auxin efflux carrier acting in the LRP adjacent endodermal cells.
Response: To verify whether other members of the PIN family might act along with PIN3, we examined the expression of the PIN1, PIN2 and PIN4 genes in the root. Expression of none of these PIN genes was detected in endodermal cells overlaying LRP in early developmental phases neither under control condition, after treatment with auxin, shown to promote LRI, nor in a pin3 mutant background (Supplementary

We agree with referee 3, that LRI still takes place in the pin3 mutant background, indicating that plants manage to cope with a lack of PIN3 activity in the endodermis. We consider the PIN3 mediated reflux pathway as an important supportive mechanism which helps to reach auxin threshold level in FCs critical for transition to LRI phase and presumably acts in parallel with other mechanisms controlling the accumulation of auxin in pericycle cells. For these reasons, we adjusted the relevant conclusions to better reflect the findings presented in our manuscript and the title was modified as "Auxin re-flux between the endodermis and pericycle promotes lateral root initiation".
2. The characterization of the phenotype is rather short. The authors only check DR5revGFP for founder cell specification. But what happens to GATA23 expression? Is this altered? Are there more patches, as described in the original paper from the Beeckman lab (co-author on this publication)? I think that analysis with additional markers should be included.
Response:
As the referee suggests, we examined the pin3 phenotype using an alternative marker. We did not opt for the GATA23 marker since its expression is, similar to the DR5::GFP reporter, auxin inducible (De Rybel et al., 2010) . Instead, we examined the CycB1;1::GUS reporter, which is active from G2 until early M phase of the cell cycle and therefore marks the FCs at the advent of the first division and the subsequent cell divisions during LR formation (Beeckman et al., 2001) . The results of the pin3 mutant phenotype analyses using this reporter are consistent with results obtained using DR5rev::GFP, and further support our conclusion on the role of PIN3 in the regulation of the transition from FC to LRI. These new results are presented in the revised manuscript as Supplemental Figure S2H -K.
3. In the tissue specific complementation experiments both with the SCR and CASP1 promoter there is a strong increase in stage I primordial, but the authors do not comment on this. What is lacking in all these experiments is the effect of the ectopic expression of PIN3YFP in WT background, I think this could provide valuable information. Also, in figure 3 , the phenotype is no longer present in pin3 plants not expressing SCR:IN3YFP, this worries me.
We Figure  3E and Supplemental Figure S4E ( Figure 5A and B) , the SCR ( Figure 3A and Figure  5D ) and the CASP (Supplemental Figure S4A, Thank you for submitting your revised manuscript to the EMBO Journal. Your study has now been re-reviewed by referees # 2 and 3 and their comments are provided below. As you can see referee #2 is satisfies with the introduced changes. Referee #3 is still not full convinced that the advance provided is sufficient for publication in the EMBO Journal, but also doesn't have any more technical concerns with the analysis. Given the strong support provided by the two other referees, I am pleased to accept the paper for publication in the EMBO Journal.
